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ASYNCHRONOUS DATA TRANSMITTING APPARATUS 

BACKGROUND OF THE INVENTION 

1) Field of the Invention 

5 The present invention relates to an asynchronous data 

transmitting apparatus. 

2) Description of the Related Art 

Asynchronous data transmitting apparatuses includes a 

10 transmitter and a receiver that are connected via parallel transmission 
lines. The transmitter transmits data signals to the receiver by a 
transmit clock and a receive clock and the receiver receives the data 
signals by a receive clock. In other words, the transmitter and receiver 
operate asynchronously from each other. 

15 Fig. 16 is a block diagram of a conventional asynchronous data 

transmitting apparatus. Fig. 17 is a timing chart to explain the data 
receiving when a skew occurs in the data of the asynchronous data 
transmitting apparatus shown in Fig. 16. A transmitter 100 and a 
receiver 200 are connected, for instance, via three signal transmission 

20 lines 301 , 302, and 303 that are parallel transmission lines. A transmit 
clock CLOCK_A of the transmitter 100 and a receive clock CLOCK_C of 
the receiver 200 are generated independent of each other with no fixed 
phase relation between the CLOCK_A and the CLOCK_C. 

In the transmitter 100, three flip-flops 111, 112, and 113 form a 

25 synchronous circuit and read three bits of transmitted data of DATA_0, 



I 

I 

t 

DATA_1 , and DATA_2, in synchronization with the CLOCK_A. 
Moreover, the flip-flops 111, 112, and 113 deliver the transmission data 
to signal transmission lines 301, 302, and 303, as data of DATA_0A, 
DATA1 A, and DATA__2A, respectively. 
5 In the receiver 200, three flip-flops 211, 212, and 213 form a 

synchronous circuit and read transmission data of DATA_0B, DATA1 B, 
and DATA_2B from the three signal transmission lines 301, 302, and 
303, in synchronization with the CLOCK_C. Moreover, the flip-flops 
211, 212, and 213 deliver the data read to a processing system, as data 

10 of DATA_0C, DATA_1C, and DATA_2C. 

In such an asynchronous data transmitting apparatus, the 
transmitter and receiver communicate control signals in order to acquire 
an appropriate timing for the transmitting or the receiving. Therefore, 
since the receiver allows the receiving of the data signal at the time 

15 when receiving the control signals from the transmitter, there is no 
problem with a data delay time on the signal transmission lines. 

However, in the asynchronous data transmitting apparatus, the 
timing when the transmission data changes and the timing when the 
data is read by the receive clock are completely asynchronous. Hence, 

20 at times, a reading edge of the receive clock comes in a period when 
the transmission data changes. As a result, following two problems 
arise. 

The first problem is as follows. When the data to be read in the 
flip-flops completely overlaps with the timing of data reading, the data 
25 reading remains incomplete. As a result, a metastable state occurs in 



which the output of the flip-flops ends up with an intermediate potential, 
and the changed signals are reconverted to the original state. 

The second problem, even though it may not cause metastability, 
is as follows. If in the parallel transmission lines, which transmit the 
5 plural bit data in parallel, the delay amount differs in each of the 

transmission lines, then at times the timing of data reading between the 
parallel databits may precede or follow the timing when the data 
changes. Thus, as shown in Fig. 17, a combination of such databits is 
received which do not exist at the transmitting end. The difference in 
10 the data delay amount is called a skew. A detailed explanation of the 
reception operation when a skew occurs in the data of the 
asynchronous data transmitting apparatus is given next with reference 
to Fig. 17. 

The transmitter 100 sends, as the transmission data DATA_2A, 
15 DATA1 A, and DATA_0A, databits "100", "011", and "100" in the same 
sequence, in synchronization with the transmit clock CLOCK_A. The 
three signal transmission lines have different delay amounts. The 
delay amount in the signal transmission lines goes on increasing in the 
sequence of the signal transmission line 303 that carries the 
20 transmission data DATA_0A, the signal transmission line 302 that 

carries the transmission data DATA_1A, and the signal transmission line 
301 that carries the transmission data DATA_2A. 

As a result, the time at which the change of databit occurs is 
different in the transmission data DATA_2B, DATA_1B, and DATA_0B 
25 reaching the receiver 200. That is, the change takes place earliest in 



the transmission data DATA_OB f then in the transmission data 
DATA_1B, and last in the transmission data DATA_2B. The receiver 
200 reads the transmission data in the sequence DATA_2B, DATA_1B, 
and DATA_0B at a data reading timing 401 that is in synchronization 
5 with the leading edge of the receive clock CLOCK_C. 

At this time, in the first transmission data DATA_2B, DATA_1B, 
and DATA_0B, the data reading timing 401 falls after the change in the 
databits. Consequently, the databit of the reception data DATA_2C, 
DATA_1C, and DATA_0C will be the same as the databit of the 

10 transmission data, namely "100". 

However, in the second transmission data DATA_2B, DATA_1B, 
DATA_0B, the data reading timing 401 precedes the transition point in 
the transmission data DATA_2B whereas it falls after the transition point 
in the transmission data DATA_1B and DATA_0B. Consequently, the 

15 databits of the reception data DATA_2C, DATA_1C, and DATA_0C 

become "111", as compared to the databit "010" of the transmitting end. 
As a result, the receiver receives an incorrect data and consequently 
performs an incorrect operation. 

A number of ideas as well as preventive measures have been 

20 proposed for circumventing the first problem, that is, the metastable 
state. However, regarding the second problem, that is, a skew 
between the data, it is practically not possible to eliminate the problem 
completely as the timing of the receive clock cannot be predicted. An 
incorrect data is read in the asynchronous data transmission when 

25 there is a skew between the data and when the reading of data and the 



change in data coincidentally occur at the same time. Thus, the 
probability that an incorrect data is read is very low. 

Consequently, the conventional technologies, as disclosed in 
Japanese Patent Application Laid-Open No. 6-54016 (hereinafter, "first 
5 conventional art") and Japanese Patent Application Laid-Open No. 
4-178047 (hereinafter, "second conventional art"), focus on reducing 
the skew between the data as much as possible and thereby reducing 
the probability of reading an incorrect combination of data at the 
receiving end. 

10 In the first conventional art, a skew correction circuit is 

disclosed, which includes a detecting unit that detects, from edges that 
must have the same timing, the edge of one transmission signal from 
among plural transmission signals transmitted by parallel transmission 
lines, a correction signal generating unit that generates correction 

15 signals according to the edge cycle of the edge detected by the 

detecting unit, and a correction unit that synchronizes the edges of the 
plural transmission signals with the correction signals generated by the 
correction signal generating unit and then outputs in synchronization all 
those edges. 

20 In the second conventional art, a skew correction system for 

obtaining a skew-corrected data is disclosed, which includes a skew 
measurement signal pattern detecting circuit-cum-skew value detecting 
circuit that detects, after receiving from the receiving end the 
predetermined data set beforehand, the delay amount of the data with 

25 maximum phase advancement, a control circuit that outputs a control 



signal to correct the delay amount, based on each delay amount 
detected by the skew measurement signal pattern detecting 
circuit-cum-skew value detecting circuit, and a skew correction circuit 
that selects and outputs, from among the parallel outputs, the data on 
5 which skew correction is carried out by the control signal. 

As the asynchronous data transmission is employed in a 
semiconductor integrated circuit, care is always taken when designing 
the transmission line. However, it is still practically not possible to 
reduce the skew between the data occurring in the parallel transmission 

10 lines to zero. As a large number of asynchronous data transmissions 
are employed in the recent large-scale semiconductor integrated 
circuits, it is not possible to ignore the problem of a skew between the 
data and incorrect operations may frequently occur as a result inside 
the apparatus itself. However, especially in case of the large-scale 

15 semiconductor integrated circuits, provisions made to eliminate 

incorrect data reading due to a skew between the data are insufficient. 
Thus, active measures to find a fundamental solution are expected in 
order to avoid incorrect data reading. 

20 SUMMARY OF THE INVENTION 

It is an object of the present invention to at least solve the 
problems in the conventional technology. 

The asynchronous data transmitting apparatus according to one 
aspect of the present invention includes a first transmission line having 
25 a first delay; a second transmission line having a second delay smaller 

6 



than the first delay; a third transmission line having a second delay 
larger than the first delay; a transmitter; and a receiver. The 
transmitter includes a first transmitting unit that transmits a data signal 
through the first transmission line, depending on a first clock; a second 
5 transmitting unit that transmits a control signal through the second 
transmission line, depending on the first clock; and a third transmitting 
unit that transmits the control signal through the third transmission line, 
depending on the first clock. The receiver includes a clock generator 
that generates a second clock from the control signals transmitted 

10 through the second and third transmission line, wherein a pulse of the 
second clock is provided in a period from a first pulse-edge of the 
control signal transmitted through the third transmission line to a 
second pulse-edge subsequent to the first pulse-edge, the second 
pulse-edge being of the control signal transmitted through the second 

15 transmission line; and a data receiving unit that receives the data signal 
through the first transmission line, depending on the second clock. 

The asynchronous data transmitting apparatus according to 
another aspect of the present invention includes a first transmission line 
having a first delay; a second transmission line having a second delay 

20 smaller than the first delay; a third transmission line having a second 
delay larger than the first delay; a transmitter; and a receiver. The 
transmitter includes a first transmitting unit that transmits a data signal 
through the first transmission line, depending on a first clock; a second 
transmitting unit that transmits a control signal through the second 

25 transmission line, depending on the first clock; and a third transmitting 



unit that transmits the control signal through the third transmission line, 
depending on the first clock. The receiver includes a data receiving 
unit that receives the data signal through the first transmission line, 
depending on a second clock; and a processing unit that generates an 
5 enable signal from the control signals transmitted through the second 
and third transmission line, and determines whether to read the data 
signal received based on the enable signal, wherein a pulse of the 
second clock is provided in a period from a first pulse-edge of the 
control signal transmitted through the third transmission line to a 

10 second pulse-edge subsequent to the first pulse-edge, the second 

pulse-edge being of the control signal transmitted through the second 
transmission line. 

The asynchronous data transmitting apparatus according to still 
another aspect of the present invention includes a first transmission line 

15 having a first delay; a second transmission line having a second delay; 
a transmitter that includes a first transmitting unit that transmits a data 
signal through the first transmission line, depending on a first clock; and 
a second transmitting unit that transmits a control signal through the 
second transmission line, depending on the first clock; and a receiver 

20 that includes a clock generator that generates a second clock from the 
control signal transmitted through the second transmission line; and a 
data receiving unit that receives the data signal through the first 
transmission line, depending on the second clock. 

The other objects, features and advantages of the present 

25 invention are specifically set forth in or will become apparent from the 



following detailed descriptions of the invention when read in conjunction 
with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
5 Fig. 1 is a block diagram of an asynchronous data transmitting 

apparatus according to a first embodiment of the present invention; 

Fig. 2 is a flowchart to explain a sequence of steps involved in 
reading control signals into an asynchronous system in order to prevent 
a skew between the data; 
10 Fig. 3 is a timing chart to explain the operation of the 

asynchronous data transmitting apparatus shown in Fig. 1; 

Fig. 4 is a block diagram of an asynchronous data transmitting 
apparatus according to a second embodiment of the present invention; 
Fig. 5 is a timing chart to explain the operation of the 
15 asynchronous data transmitting apparatus shown in Fig. 4; 

Fig. 6 is a block diagram of an asynchronous data transmitting 
apparatus according to a third embodiment of the present invention; 

Fig. 7 is a timing chart to explain the operation of the 
asynchronous data transmitting apparatus shown in Fig. 6; 
20 Fig. 8 is a block diagram of an asynchronous data transmitting 

apparatus according to a fourth embodiment of the present invention; 

Fig. 9 is a timing chart to explain the operation of the 
asynchronous data transmitting apparatus shown in Fig. 8; 

Fig. 10 is a block diagram of a receiver included in an 
25 asynchronous data transmitting apparatus according to a fifth 

9 



embodiment of the present invention; 

Fig. 11 is a timing chart to explain the operation of the 
asynchronous data transmitting apparatus shown in Fig. 10; 

Fig. 12 is a block diagram of an asynchronous data transmitting 
5 apparatus according to a sixth embodiment of the present invention; 

Fig. 13 is a timing chart to explain the operation of the 
asynchronous data transmitting apparatus shown in Fig. 12; 

Fig. 14 is a block diagram of an asynchronous data transmitting 
apparatus according to a seventh embodiment of the present invention; 
10 Fig. 15 is a timing chart to explain the operation of the 

asynchronous data transmitting apparatus shown in Fig. 14; 

Fig. 16 is a block diagram of a conventional asynchronous data 
transmitting apparatus; and 

Fig. 17 is a timing chart to explain the reception operation when 
15 a skew occurs in the asynchronous data transmitting apparatus shown 
in Fig, 16. 

DETAILED DESCRIPTION 

Exemplary embodiments of asynchronous data transmitting 
20 apparatus relating to the present invention will be explained in detail 
below with reference to the accompanying drawings. 

Fig. 1 is a block diagram of an asynchronous data transmitting 
apparatus according to a first embodiment of the present invention. A 
transmitter 10a and a receiver 20a are connected, for instance, via two 
25 control transmission lines 31a and 31b, in addition to three signal 



transmission lines 30a, 30b, and 30c. The control transmission line 
31a is adjusted in such a way that it holds the minimum delay amount 
from among all the three signal transmission lines 30a, 30b, and 30c. 
The control transmission line 31b is adjusted in such a way that it holds 
5 the maximum delay amount from among all the three signal 
transmission lines 30a, 30b, and 30c. 

A transmit clock CLOCK__A of the transmitter 10a and a receive 
clock CLOCK_C of the receiver 20a are generated independent of each 
other with no fixed phase relation between the transmit clock CLOCK_A 

10 and the receive clock CLOCK_G. 

The transmitter 10a includes transmission flip-flops 11a, 12a, 
and 11c, which carry out a synchronous operation according to the 
transmit clock CLOCK_A, and control flip-flops 12a and 12b. 
Transmission data DATA_2, DATA_1, and DATA_0 are input into the 

15 transmission flip-flops 11a, 12a, and 11c. The transmission flip-flops 
11a, 12a, and 11c synchronize and output transmission data DATA_2A, 
DATA_1A, and DATA_0A, which are then transmitted to the signal 
transmission lines 30a, 30b and 30c. 

Toggle data signals that have alternating binary level in every 

20 transmission cycle are input into the control flip-flops 12a and 12b as 
control signals to avoid a skew between the data. The control 
flip-flops 12a and 12b synchronize and output control signals CNT1A 
and CNT2A, which are then transmitted to the control transmission lines 
31a and 31b. 

25 Apart from reception flip-flops 21a, 21b, and 21c, the receiver 



20a also includes a receive clock generator 40a that reads control 
signals CNT1B and CNT2B from the control transmission lines 31a and 
31b. The receive clock CLOCK_C is input into the receive clock 
generator 40a and the receive clock generator 40a then generates a 
5 reading clock CLOCK_Ci, as explained later. 

The reception flip-flops 21a, 21b, and 21c read, according to the 
reading clock CLOCK_Ci, transmission data DATA_2B, Data 1B, Data 
OB from the signal transmission lines 30a, 30b, and 30c and then output 
to the internal processing system transmission data DATA_2C, 

10 DATA_1C, and DATA_0C. 

The receive clock generator 40a according to the first 
embodiment includes a suppression period determining circuit 41a in 
which the control signals CNT1B and CNT2B from the control 
transmission lines 31a and 31b are input, and a receive clock 

15 suppressing circuit 42 that receives the output of the suppression 

period determining circuit 41a, that is, a reception suppressing signal 
RS as the first input and the receive clock CLOCK__C as the second 
input. 

The suppression period determining circuit 41a includes an 
20 EXNOR circuit. In the period when the control signals CNT1B and 
CNT2B are at variance, and in the reception suppressing period, the 
suppressing period determining circuit 41a treats the reception 
suppressing signal RS input to the receive clock suppressing circuit 42 
to be at low level (hereinafter "L level"). 
25 The receive clock suppressing circuit 42 includes an AND circuit. 



In the period when the reception suppressing signal RS is at high level 
(hereinafter "H level"), the receive clock suppressing circuit 42 
transforms the receive clock CLOCL_C into a reading clock CLOCK_Ci, 
and outputs the reading clock CLOCK_Ci. 
5 In the example shown in Fig. 1, although the signal transmission 

lines 30a, 30b, and 30c as well as the control transmission lines 31a 
and 31b may be decided in a fixed manner from the very beginning of 
the operation, it is desirable to configure the circuits according to a 
procedure explained in Fig. 2, after laying down these five circuits. Fig. 

10 2 is a flowchart that explains the sequence of steps involved in reading 
control signals into an asynchronous system in order to prevent a skew 
between the data. 

In step S1 of Fig. 2, line is provided to the parallel data 
transmission between the corresponding circuit blocks, with two more 

15 lines added to the lines that are necessary for the parallel data 

transmission. In this case, there may be a need to insert a buffer 
according to a line router. 

In step S2, the delay time of the signal transmission between 
the circuit blocks is calculated for each bit and two lines are assigned to 

20 the minimum delay amount and the maximum delay amount. The 

remaining lines are assigned to the signal transmission lines between 
the actual circuit blocks. In other words, the corresponding 
synchronous circuits (transmission flip-flops and reception flip-flops) of 
the transmitter and the receiver are connected by these signal 

25 transmission lines. 



In step S3, separate lines that hold the minimum delay amount 
and the maximum delay amount are assigned as the control 
transmission lines to the reception data reading control logic according 
to the present embodiment. In other words, in the example shown in 
5 Fig. 1, in the transmitter 10a, the control transmission lines are 

connected to the synchronous circuits (control flip-flops 12a and 12b) 
that output the control signals. In the receiver 20a, the control 
transmission lines are connected to the newly provided receive clock 
generator 40a to create reading clock CLOCK_Ci in order to avoid a 

10 skew between the data. 

The operation of the asynchronous data transmitting apparatus 
described above is explained next with reference to Fig. 1 and the 
timing chart shown in Fig. 3. 

In Fig. 3, in the transmitter 10a, the transmission data DATA_2A, 

15 DATA_1 A, and DATA_0A and the control signals CNT1A and CNT2A 
are output in synchronization with the transmit clock CLOCK_A. The 
databits of the transmission data DATA_2A, DATA1 A, and DATA_0A 
are "100", "011", and "100". The control signals CNT1A and CNT2A, 
being toggle data signals, show alternating H level and L level for each 

20 clock cycle of the transmit clock CLOCK__A. 

In the example shown in Fig. 3, the data delay amount goes on 
increasing in the sequence of the signal transmission line 30c that 
carries the transmission data DATA_0A, the signal transmission line 30b 
that carries the transmission data DATA_1 A, and the signal 

25 transmission line 30a that carries the transmission data DATA 2A. As 



a result, the transmission data in the receiver 20a arrives in the 
sequence of the transmission data DATA_0B from the signal 
transmission line 30c, the transmission data DATA_1B from the signal 
transmission line 30b, and the transmission data DATA_2B from the 
5 signal transmission line 30a. 

Since the control transmission line 31a that carries the control 
signal CNT1A has the minimum delay amount, the control signal CNT1B 
from the control transmission line 31a reaches the receiver 20a even 
earlier than the transmission data DATA_0B. Also, since the control 

10 transmission line 31b that carries the control signal CNT2A has the 
maximum delay amount, the control signal CNT2B from the control 
transmission line 31b reaches the receiver even later than the 
transmission data DATA_2B. 

In other words, the transmission data DATA_0B, DATA_1B, and 

15 DATA 2 B sequentially reach the receiver 20a in a period 61a when the 
control signal CNT1B reaches the receiver 20a and in a period 61b 
when the control signal CNT2B reaches the receiver 20a. However, 
since each of the data is changing in the periods 61a, and 61b, if the 
reading takes place in these periods 61a and s 61b, incorrect data 

20 reading due to a skew between the data is likely to occur. 

H level and L level for both the control signals CNT1B and 
CNT2B change identically. Thus, in the periods 61a and 61 b from 
when the control signal CNT1B arrives until the control signal CNT2B 
arrives, the two signals are at variance. Consequently, the 

25 suppression period determining circuit 41a detects, as the reception 



suppressing periods, the variance periods 61a and 61b in the receive 
clock generator 40a and generates the L level reception suppressing 
signal RS in the reception suppressing periods 61a and 61b. The 
receive clock suppressing circuit 42 retrieves the logical product of the 
5 reception suppressing signal RS and the receive clock CLOCK_C. The 
receive clock suppressing circuit 42 then generates the reading clock 
CLOCK___Ci that is obtained by shifting the clock edge of the receive 
clock CLOCK_C, which rises to the trigger level, to a position after the 
reception suppressing periods 61a and 61b. 

10 As a result, data reading timings 62a and 62b, that is the timings 

when the transmission data DATA2B, DATA1 B, and DATA_0B from 
the signal transmission lines 30a, 30b, and 30c are read into the 
leading edge of the reading clock CLOCK_Ci, always fall after the 
change has taken place in all the data, as shown in Fig. 3. Thus 

15 reading of an incorrect data is definitively prevented. 

The transmission data DATA_2B, DATA_1B, and DATA_0B from 
the signal transmission lines 30a, 30b, and 30c are read into the 
leading edge of the reading clock CLOCK_Ci, at the data reading timing 
62a that is shifted to a position after the reception suppressing period 

20 61a and at the data reading timing 62b that is shifted to a position after 
the reception suppressing period 61b. 

Accordingly, the logically correct reception data DATA_2C, 
DATA_1C, and DATA0C, which is identical to the databits "100", "011", 
and "100" of the transmission data DATA_2, DATA_1, and DATA_0, can 

25 be obtained. 



There may occur a delay in the reception of data due to 
suppression of data reading. However, as all the blocks in the 
apparatus according to the present invention operate in an 
asynchronous manner, time delay does not pose a problem. 
5 Fig. 4 is a block diagram of an asynchronous data transmitting 

apparatus according to a second embodiment of the present invention. 
The parts in Fig. 4 that are identical or equivalent to those in Fig. 1 are 
assigned the same reference numerals. In this section, the focus is 
mainly on the parts present in the second embodiment. 

10 The asynchronous data transmitting apparatus shown in Fig. 4 

comprises a transmitter 10b, substituted in place of the transmitter 10a 
shown in Fig. 1 and a receiver 20b, substituted in place of the receiver 
20a shown in Fig. 1 . 

The transmitter 10b comprises buffers 13 and 14, substituted in 

15 place of the control flip-flops 12a and 12b of the transmitter 10a shown 
in Fig. 1. A transmit clock CLOCK_A is input into the buffers 13 and 
14. 

The receiver 20b includes a receive clock generator 40b, 
substituted in place of the receive clock generator 40a of the receiver 
20 20a shown in Fig. 1. The receive clock generator 40b includes a 

suppression period determining circuit 41b, substituted in place of the 
suppression period determining circuit 41a of the receiver 20a shown in 
Fig. 1. 

The suppression period determining circuit 41b includes a 
25 NAND circuit that has an inverting input terminal. A control signal 



CNT2B is input into the inverting input terminal, while a control signal 
CNT1B is input into a normal input terminal. 

The operation of the asynchronous data transmitting apparatus 
described above is explained next with reference to Fig. 4 and a timing 
5 chart shown in Fig. 5. 

Fig. 5 shows the operation timing of the receiver 20b. In the 
receiver 20b, the control signal CNT1B that is the transmit clock 
CLOCK_A is at a trigger level, that is, at H level. Transmission data 
DATA_0B, DATA_1B, and DATA_2B sequentially reach the receiver 20b 

10 in a period 61a when the control signal CNT1B is at H level and in a 
period 61b when the control signal CNT2B that is the transmit clock 
CLOCK_A is at the trigger level, that is, at H level. 

However, each data changes in the periods 61a and 61b. Thus, 
if the data is read into the receiver 20b in the periods 61a and 61b, the 

15 problem of incorrect data reading caused due to a skew between the 
data may occur. H level, that is the trigger level and L level, that is a 
non-trigger level change in an identical fashion for the control signals 
CNT1B and CNT2B. Thus in the periods 61a and 61b, both the control 
signals CNT1B and CNT2B are at variance. 

20 Consequently, the suppression period determining circuit 41b 

detects, as the reception suppressing periods, the variance periods 61a 
and 61b in the receive clock generator 40b and generates an L level 
reception suppressing signal RS in the reception suppressing periods 
61a and 61b. The receive clock suppressing circuit 42 retrieves the 

25 logical product of the reception suppressing signal RS and the receive 



clock CLOCK_C. The receive clock suppressing circuit 42 then 
generates the reading clock CLOCK_Ci that is obtained by shifting the 
clock edge of the receive clock CLOCK_C, which rises to the trigger 
level, to a position after the reception suppressing periods 61a and 61b. 
5 As a result, similar to the first embodiment, data reading timings 

62a and 62b, that is, the timings when the transmission data DATA_2B, 
DATA_1B, and DATA_OB from signal transmission lines 30a, 30b, and 
30c are read into the leading edge of a reading clock CLOCK_Ci, 
always fall after the change has taken place in all the data, as shown in 

10 Fig. 5. Thus, reading of an incorrect data is definitively prevented. 

In this way, in the second embodiment, it is necessary to set the 
time width of the skew between the data in such a way that this time 
width falls within the time width of the trigger level of the transmit clock. 
However, as the transmit clock is employed in the control signals, a 

15 control signal output terminal of the transmitter remains only as a buffer, 
thus making the overall structure simpler. 

Fig. 6 is a block diagram of an asynchronous data transmitting 
apparatus according to a third embodiment of the present invention. 
The parts in Fig. 6 that are identical or equivalent to those in Fig. 1 are 

20 assigned the same reference numerals. In this section, the focus is 
mainly on the parts present in the third embodiment. 

The asynchronous data transmitting apparatus shown in Fig. 6 
includes a receiver 20c, substituted in place of the receiver 20a shown 
in Fig. 1. The receiver 20c includes a read controller 40c, substituted 

25 in place of the receive clock generator 40a shown in Fig. 1 and a data 



processing circuit 50 which is newly added to the receiver 20c. 
Reception flip-flops 21a, 21b, and 21c operate in synchronization with a 
receive clock CLOCK_C. The reception flip-flops 21a, 21b, and 21c 
read reception data DATA_0C, DATA_1C, and DATA_2C and assign that 
5 reception data to the data processing circuit 50. 

The read controller 40c includes a deciding flip-flop 43, 
substituted in place of the receive clock suppressing circuit 42 of the 
receive clock generator 40a shown in Fig. 1. The deciding flip-flop 43 
reads, according to the receive clock CLOCK_C, a reception 

10 suppressing signal RS that is the output of a suppression period 
determining circuit 41a and outputs an enable signal Enable that 
determines whether the reception data is VALID' or INVALID'. 

According to the enable signal ENABLE, the data processing 
circuit 50 is endowed with a functionality of determining the validity of 

15 the reception data DATA_0C, DATA_1C, and DATA_2C that are input 
from the reception flip-flops 21a, 21b, and 21c, and carrying out the 
reception process. 

The operation of the asynchronous data transmitting apparatus 
described above is explained next with reference to Fig. 6 and a timing 

20 chart shown in Fig. 7. 

Fig. 7 shows the operation timing in the receiver 20c. 
Transmission data DATA_0B, DATA_1B, and DATA_2B sequentially 
reach the receiver 20c in a period 61a when a control signal CNT1B 
that is a toggle data reaches the receiver 20c and in a period 61b when 

25 a control signal CNT 2B that is a toggle data reaches the receiver 20c. 



However, each data changes in the periods 61a and 61b. 

H level and L level both change in an identical fashion for the 
control signals CNT1B and CNT2B. Thus in the periods 61a and 61b 
from when the control signal CNT1B arrives till the control signal CNT 
5 2B arrives, both the control signals CNT1B and CNT2B are at variance. 
Consequently, similar to the first embodiment, the suppression period 
determining circuit 41a detects, as the reception suppressing periods, 
the variance periods 61a and 61b in the read controller 40c and 
generates an L level reception suppressing signal RS in the reception 

10 suppressing periods 61a and 61b. 

However, the period when the receive clock CLOCK_C is at a 
trigger level may fall outside or overlap with the period in which the 
reception suppressing signal RS is generated. In Fig. 7, the period in 
which the reception suppressing signal RS is generated for the period 

15 61a falls prior to, and not overlapping with, the trigger level period of 
the receive clock CLOCK_C, whereas the period in which the reception 
suppressing signal RS is generated for the period 61b overlaps with the 
trigger level period of the receive clock CLOCK_C. 

Consequently, in the reception flip-flops 21a, 21b, and 21c that 

20 read the data in synchronization with the receive clock CLOCK_C, the 
data reading is carried out either at a data reading timing 62a, which 
falls after the reception suppressing period 61a, or at a data reading 
timing 62b, which falls inside the reception suppressing period 61b. 
Obviously, correct data is read at the data reading timing 62a and 

25 incorrect data is read at the data reading timing 62b. 



In the deciding flip-flop 43 in which the reception suppressing 
signal RS is read in synchronization with the receive clock CLOCK_C, 
the reception suppressing signal RS is of H level at the time of reading 
the correct data and of L level at the time of reading the incorrect data. 
5 Consequently, the deciding flip-flop 43 outputs the enable signal 

ENABLE at H level, which indicates that the reception data is 'VALID', 
at the time of reading the correct data and outputs the enable signal 
ENABLE at L level, which indicates that the reception data is 'INVALID'. 
Thus according to the enable signal ENABLE, it is possible to 

10 carry out a correct reception process in the data processing circuit 50. 
In other words, in the reception process of the reception data that is 
read at the data reading timing 62a, because the enable signal Enable 
is at H level which indicates that the reception data is 'VALID', the input 
reception data "100" is assessed to be correct. In the reception 

15 process of the reception data that is read at the data reading timing 62b, 
because the enable signal ENABLE is at L level which indicates that the 
reception data is 'INVALID', the input reception data "111" is assessed 
to be incorrect. 

In this way, according to the third embodiment, the problem of a 
20 skew between the data is definitively prevented, as in the first and 

second embodiments. Besides, in the receiver according to the third 
embodiment, the delay occurring between the receive clock and the 
output of the reception flip-flop can be reduced since no logic circuit is 
inserted in the receive clock at the receiving end. 
25 In the third embodiment, toggle data is used as the control 



signal. However, when the time width of the skew between the data 
falls within the time width of the trigger level of the transmit clock, the 
transmit clock can be treated as the control signal, as in the second 
embodiment. In this case, the suppression period determining circuit 
5 41b shown in Fig. 4 may be employed, substituted in place of the 
suppression period determining circuit 41a of the read controller 40c. 
An enable signal that has identical specifications can thus be 
generated. 

Fig. 8 is a block diagram of an asynchronous data transmitting 
10 apparatus according to a fourth embodiment of the present invention. 
The parts in Fig. 8 that are identical or equivalent to those in Fig. 4 are 
assigned the same reference numerals. In this section, the focus is 
mainly on the parts present in the fourth embodiment. 

The asynchronous data transmitting apparatus shown in Fig. 8 
15 includes a transmitter 10c, substituted in place of the transmitter 10b 
shown in Fig. 4 and a receiver 20d, substituted in place of the receiver 
20b shown in Fig. 4. A control transmission line 31a that assigns the 
minimum delay amount is the only control transmission line present. 
Apart from the transmission flip-flops 11a, 11b, 1 1 c of the 
20 receiver 10b shown in Fig. 4, the receiver 10c comprises a . buffer 13 
that transmits to the control transmission line 31a a transmit clock 
CLOCK_A as a control signal. The receiver 20d includes a receive 
clock generator 40d, substituted in place of the receive clock generator 
40b. 

25 The receive clock generator 40d includes a delay circuit 



(DELAY) 45 provided between an inverting input terminal of the 
suppression period determining circuit 41b shown in Fig. 4 and the 
control transmission line 31a. A pulse generator 44a is provided in the 
entire delay circuit 45 and the entire suppression period determining 
5 circuit 41b. 

In other words, the delay circuit 45 assigns to the inverting input 
terminal of the suppression period determining circuit 41b a delay 
signal DTIM obtained by delaying a control signal CNT1B, which is a 
transmission line signal (a transmit clock CLOCK_A), exactly by the 

10 maximum delay amount. In the period from the time when the transmit 
clock CLOCK_A, which is the control signal CNT1B, directly input from 
the control transmission line 31a reaches a trigger level till the time 
when the delayed transmit clock CLOCK_A input from the delay circuit 
45 reaches the trigger level, the suppression period determining circuit 

15 41b generates a reception suppressing signal RS, which is an L level 
pulse signal. Consequently, a receive clock suppressing circuit 42 can 
generate a reading clock CLOCK_Ci that has identical specifications to 
that in the second embodiment. 

The operation of the asynchronous data transmitting apparatus 

20 described above is explained next with reference to Fig. 8 and a timing 
chart shown in Fig. 9. 

Fig. 9 shows the operation timing of the receiver 20d. 
Transmission data DATA_0B, DATA_1B, and DATA_2B sequentially 
reach the receiver 20d in the predetermined period when the control 

25 signal CNT1B is at H level, that is, the trigger level. 



At this time, as the control signal is delayed exactly by the 
maximum delay amount, the delay circuit 45 generates the delay signal 
DTIM after the transmission data DATA_2B arrives. Consequently, 
each of the transmission data DATAOB, DATA1 B, and DATA_2B 
5 changes in a period 64a when the control signal CNT1B reaches and in 
a period 64b when the delay signal DTIM is generated. In the periods 
64a and 64b, the suppression period determining circuit 41b can 
generate the reception suppressing signal RS, which is at L level. 

The receive clock suppressing circuit 42 retrieves the logical 

10 product of the reception suppressing signal RS and a receive clock 
CLOCK_C. If the receive clock suppressing circuit 42 generates a 
reading clock CLOCK_Ci that is obtained by shifting the clock edge of 
the receive clock CLOCK_C, which rises to the trigger level, to a 
position after the reception suppressing periods 64a and 64b, then it is 

15 possible to position data reading timings 62a and 62b, that is the 

timings when the transmission data DATA_0B, DATA_1B, and DATA_2B 
from control transmission lines 30a, 30b, and 30c are read into the 
leading edge of the reading clock CLOCK_Ci, always fall after the 
change has taken place in all the data, as shown in Fig. 9. Thus, 

20 reading of an incorrect data is definitively prevented. 

In this way, according to the fourth embodiment, results similar 
to that of the first through third embodiments can be obtained. 
Besides, a single control transmission line is sufficient to carry out the 
operation, thus making the overall structure of the transmission line 

25 simpler. In the fourth embodiment, the transmit clock is employed as 



the control signal. However, it is possible to treat toggle data as the 
control signal, as in the first embodiment. In this case, the structure 
may be such that the pulse generator responds to rising as well as 
trailing of the toggle data signal. 

Fig. 10 is a block diagram of an asynchronous data transmitting 
apparatus according to a fifth embodiment of the present invention. 
The parts in Fig. 10 that are identical or equivalent to those in Fig. 8 are 
assigned the same reference numerals. In this section, the focus is 
mainly on the parts present in the fifth embodiment. 

The asynchronous data transmitting apparatus shown in Fig. 10 
includes a receiver 20e, substituted in place of the receiver 20d shown 
in Fig. 8. The receiver 20e comprises a receive clock generator 40e, 
substituted in place of the receive clock generator 40d. 

The receive clock generator 40e includes an inverting circuit 46, 
substituted in place of the pulse generator 44a of the receive clock 
generator 40d. In other words, a control signal CNT1B, which is a 
transmission line signal (a transmit clock CLOCK_A) of a control 
transmission line 31a, is inverted by the inverting circuit 46 and input 
into a receive clock suppressing circuit 42. 

Consequently, as a reception suppressing signal RS, which is 
the output of the inverting circuit 46, is at L level in a trigger level period 
of the transmit clock CLOCK_A, the receive clock suppressing circuit 42 
can generate a reading clock CLOCK_Ci with same timing as that of the 
fourth embodiment. 

The operation of the asynchronous data transmitting apparatus 

26 



described above is explained next with reference to Fig. 10 and a timing 
chart shown in Fig. 11 . 

Fig. 11 shows the operation timing of the receiver 20e. 
Transmission data DATA_0B, DATA_1B, and DATA_2B sequentially 
5 reach the receiver 20e in the predetermined period when the transmit 
clock CLOCK_A, which is the control signal CNT1B, is at a trigger level. 

The control signal CNT1 B is inverted by the inverting circuit 46 
and is input into the receive clock suppressing circuit 42 as the 
reception suppressing signal RS. Thus the reception suppressing 
10 signal RS that is input into the receive clock suppressing circuit 42 

includes periods 65a and 65b in which the trigger level of the transmit 
clock CLOCK_A is inverted and is at L level. Transmission data 
DATA_0B, DATA1 B, and DATA 2 B sequentially reach in these periods 
65a and 65b. 

15 The receive clock suppressing circuit 42 retrieves the logical 

product of the reception suppressing signal RS and a receive clock 
CLOCK_C. If the receive clock suppressing circuit 42 generates a 
reading clock CLOCK_Ci that is obtained by shifting the clock edge of 
the receive clock CLOCK_C, which rises to the trigger level, to a 

20 position after reception suppressing periods 64a and 64b, then it is 
possible to position data reading timings 62a and 62b, that is the 
timings when the transmission data DATA_0B, DATA_JB, and DATA_2B 
from control transmission lines 30a, 30b, and 30c are read into the 
leading edge of the reading clock CLOCK_Ci, always fall after the 

25 change has taken place in all the data, as shown in Fig. 11. Thus, 



reading of an incorrect data is definitively prevented. 

In this way, according to the fifth embodiment, it is necessary to 
set the time width of a skew between the data in such a way that this 
time width falls within the time width of the trigger level of the transmit 
5 clock. However, a single control transmission line is sufficient to carry 
out the operation, thus making the overall structure of the transmission 
line as well as that of the receiver simpler. 

, Fig. 12 is a block diagram of an asynchronous data transmitting 
apparatus according to a sixth embodiment of the present invention. 
10 The parts in Fig. 12 that are identical or equivalent to those in Fig. 4 are 
assigned the same reference numerals. In this section, the focus is 
mainly on the parts present in the sixth embodiment. 

The asynchronous data transmitting apparatus shown in Fig. 12 
includes a transmitter 10d, substituted in place of the transmitter 10b 
15 shown in Fig. 4 and a receiver 20f, substituted in place of the receiver 
20b shown in Fig. 4. A control transmission line 31b that assigns the 
maximum delay amount is the only control transmission line present. 

Apart from the transmission flip-flops 11a, 11b, 1 1 c of the 
receiver 10b shown in Fig. 4, the receiver 10d comprises a buffer 14 
20 that transmits to the control transmission line 31b a transmit clock as a 
control signal. The receiver 20f includes a receive clock generator 40f, 
substituted in place of the receive clock generator 40b. 

The receive clock generator 40f includes a pulse generator 44b 
that generates a reception suppressing signal RS from a transmission 
25 line signal (a transmit clock CLOCK_A) and assigns the reception 



suppressing signal RS to a receive clock suppressing circuit 42. The 
pulse generator 44b includes a delay circuit (DELAY) 47 that outputs a 
delay signal DTIM obtained by delaying by a predetermined delay 
amount a control signal CNT2B, which is a transmission line signal (a 
5 transmit clock CLOCK_A) of the control transmission line 31b, and an 
OR circuit 48 that outputs the reception suppressing signal RS, which is 
a pulse signal and includes a predetermined time width, by taking a 
logical product of the transmission line signal (the transmit clock 
CLOCK_A) of the control transmission line 31b and the output of the 

10 delay circuit 47. Consequently, the receive clock suppressing circuit 
42 can generate a reading clock CLOCK_Ci that has identical 
specifications to that in the second embodiment. 

The operation of the asynchronous data transmitting apparatus 
described above is explained next with reference to Fig. 12 and a timing 

15 chart shown in Fig. 13. 

Fig. 13 shows the operation timing of the receiver 20f. 
Transmission data DATA_0B, DATA_1B, and DATA_2B sequentially 
reach the receiver 20f in the predetermined period when the transmit 
clock CLOCK_A, which is the control signal CNT2B is at L level, that is, 

20 a non-trigger level. 

At this time, the delay circuit 47 outputs to one of the input 
terminals of the OR circuit 48 the control signal CNT2B delayed exactly 
by predetermined periods 66a and 66b that fall after the arrival time of 
the first transmission data, that is, DATA_0B. On the other hand, the 

25 control signal CNT2B is directly input to the other input terminal of the 



OR circuit 48. Consequently, the output of the OR circuit 48, that is, 
an L level reception suppressing signal RS, trails the trailing position of 
the control signal CNT2B by a position delayed exactly by the 
predetermined periods 66a and 66b. The reception suppressing signal 
5 RS becomes a pulse signal of L level in time widths 67a and 67b when 
the reception suppressing signal RS rises to a position where the 
trailing position and the rising position of the control signal CNT2B 
match. 

In the L level time widths 67a and 67b of the reception 
10 suppressing signal RS, each of the transmission data DATA_0B, 

DATA_1B, and DATA_2B changes. Consequently, the receive clock 
suppressing circuit 42 retrieves the logical product of the reception 
suppressing signal RS and a receive clock CLOCK_C. If the receive 
clock suppressing circuit 42 generates the reading clock CLOCK_Ci 
. 15 that is obtained by shifting the clock edge of the receive clock 

CLOCK_C, which rises to the trigger level, to a position after reception 
suppressing periods 67a and 67b, then it is possible to position data 
reading timings 62a and 62b, that is the timings when the transmission 
data DATA OB, DATA_1B, and DATA_2B from control transmission lines 
20 30a, 30b, and 30c are read into the leading edge of the reading clock 
CLOCK_Ci, always fall after the change has taken place in all the data, 
as shown in Fig. 13. Thus, reading of an incorrect data is definitively 
prevented. 

In this way, according to the sixth embodiment, results similar to 
25 that of the first through fifth embodiments can be obtained. Besides, a 



single control transmission line is sufficient to carry out the operation, 
thus making the overall structure of the transmission line simpler. 

Fig. 14 is a block diagram of an asynchronous data transmitting 
apparatus according to a seventh embodiment of the present invention. 
5 The parts in Fig. 14 that are identical or equivalent to those in Fig. 12 
are assigned the same reference numerals. In this section the focus is 
mainly on the parts present in the seventh embodiment. 

The asynchronous data transmitting apparatus shown in Fig. 14 
includes a receiver 20g, substituted in place of the receiver 20f shown 

10 in Fig. 12. The receiver 20g includes a receive clock generator 40g, 
substituted in place of the receive clock generator 40f. 

The receiver 20g includes an extension circuit 49, substituted in 
place of the pulse generator 44b shown in Fig. 1 2. The extension 
circuit 49 may be omitted and a control signal CNT2B, which is a 

15 transmission line signal (a transmit clock CLOCK_A) from a control 
transmission line 31b, may be directly input into a receive clock 
suppressing circuit 42. In other words, in the seventh embodiment, the 
reception suppressing period of L level indicated by a reception 
suppressing signal RS, which is input into the receive clock suppressing 

20 circuit 42, is the non-trigger period of the transmit clock CLOCK_A, 
which is the control signal CNT2B. 

The operation of the asynchronous data transmitting apparatus 
described above is explained next with reference to Fig. 14 and a timing 
chart shown in Fig. 15. 

25 Fig. 15 shows the operation timing of the receiver 20g. 



Transmission data DATA_OB, DATA_1B, and DATA_2B sequentially 
reach the receiver 20g in predetermined periods 68a and 68b at L level 
when the control signal CNT1B is at the non-trigger level. 

Consequently, the receive clock suppressing circuit 42 retrieves 
5 the logical product of the reception suppressing signal RS, which treats 
the predetermined periods 68a and 68b as a reception suppressing 
period when the control signal CNT1B is of L level, that is, the 
non-trigger level, and a receive clock CLOCK_C. If the receive clock 
suppressing circuit 42 generates a reading clock CLOCK_Ci that is 

10 obtained by shifting the clock edge of the receive clock CLOCK_C, 

which rises to the trigger level, to a position after reception suppressing 
periods 67a and 67b, then it is possible to position data reading timings 
62a and 62b, that is the timings when the transmission data DATA_0B, 
DATA_1B, and DATA_2B from control transmission lines 30a, 30b, and 

15 30c are read into the leading edge of the reading clock CLOCK_Ci, 

always fall after the change has taken place in all the data, as shown in 
Fig. 15. Thus, reading of an incorrect data is definitively prevented. 

In this way, in the seventh embodiment, it is necessary to set the 
time width of a skew between the data in such a way that this time 

20 width falls within the time width of the non- trigger level of the transmit 
clock. However, as in the first through sixth embodiments, the problem 
of a skew between the data can be prevented. Besides, the overall 
structure of the receiver is simpler. 

According to the present invention, two control transmission 

25 lines are adjusted in order to hold the minimum delay amount and the 



maximum delay amount from among all the parallel transmission lines 
and one or both of these control transmission lines are provided in the 
asynchronous data transmitting apparatus. A control signal, which the 
control transmission line carries, is used to control in such a way that 
5 transmission signals from the parallel transmission lines are read at a 
timing when none of the transmission signals have changed. This 
enables prevention of an incorrect data reading due to a skew that 
occurs in the data of the parallel transmission lines and thereby 
improves the reliability of any type of asynchronous system. 

10 Although the invention has been described with respect to a 

specific embodiment for a complete and clear disclosure, the appended 
claims are not to be thus limited but are to be construed as embodying 
all modifications and alternative constructions that may occur to one 
skilled in the art which fairly fall within the basic teaching herein set 

15 forth. 



33 



